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Context

Alignment and Phasing System (APS)

Sensor responsible for measuring the pre-adaptive optics 
wavefront quality

APS (and AO) team uses MBSE with SysML to analyze 
requirements, produce design, and perform analysis
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TMT / APS MBSE Approach

Max duration Post-segment exchange: 7200s 5000s
Number of exposures of 45s  4   6
Max peak power consumption in dome: 8.5kw  8.1kw
Number of motors with 50W 10 12
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Analyze Design 
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Mass, Optical 

Errors, …)

Analyze Realization 

Design/Specification

Integrated, Executable System Model
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The TMT / APS System Model

TMT specification 
handed to JPL

JPL implementation 
of APS

Other TMT 
Subsystems

APS Black 
Box

TCS

M1CS

ESW

CS

Operator

Interfaces 
between APS 
and other 
subsystems

Modeled high-level 
behavior of interfacing 
components
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Challenge

APS interfaces with various
other TMT subsystems

In TMT, interfaces between
subsystems are centrally
managed in a dedicated 
system (TMT ICD database)

Interfaces can be modeled
in UML / SysML, but no 
formal link exists between 
interfaces and behavior in UML / SysML (semantic variation point)

Idea: static interpretation of subsystem interactions, extract interfaces

Can we derive interfaces from behavior to verify change controlled 
interfaces & even generate ICDs? ➔ Focus on software interfaces
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APS / TMT Component Interactions

Procedure 
Executive Analysis 

Software
(PEAS)

SH 
Camera

APS is broken down 
into several 
components

Behavior of all
components 
modeled

Interfaces 
between 
components 
declared in 
system model
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APS / TMT Component Interactions (2)

Operational behavior

captured with state 

machines and activity 

models

Use of SysML Signals for 

message exchange

Payload 

data
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APS / TMT Component Interactions (3)

PEAS Context

SH Camera Context

Use of signals sent over ports to 

simulate a message passing 

mechanism between components Same mechanism across 
subsystems! (e.g., APS to M1CS)
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Extracting Software Interfaces

ICD Concept SysML Construct
Component Block
Interface (Declaration) Port, Connector
Protocol State Machine, Activity
Command Signal
Subscribe Event Signal
Publish Event Signal
Parameter Property
Returned Data Property
Data Type Value Type, Block

Select Components

Find Signals Sent Between 
Components

Extract Names
Extract 

Parameters

Find Ports

Find SendSignalActions Sending on 
Collected Ports

Find Signal Triggers in Opposite Cmpt.

Get Intersection of Sets of Signals

Focused on extracting software
commands, events, parameters

Basis: signal exchanges

Transformation written in Java

Not extracted: publish frequency, 
timing, error handling, data ranges, 
protocol details
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Verifying Conformance to

Specified Interfaces

Extract ICD Information

Generate TMT ICD 
Database Files

Compare Extracted to 
Actual

Generated ICD/API definition (in 

HOCON, TMT ICD Database Schema)

Comparison was performed 
manually – however, there is 
potential for automation
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Generating Interface Control

Documents

View Editor / 
OpenMBEE
using OCL 
Model Queries

Generate PDF 
using TMT ICD 
Management Tools
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Application to APS-M1CS
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Application to APS-M1CS:

Specified vs. Extracted Commands

APS-M1CS ICD SysML Model
setCalibCoeff

getCalibCoeff

offsetSegment Move Segment PTT Cmd

saveCalibCoeff

offloadSensorOffsets offloadSensorOffsets Cmd

saveSensorReadings Take Snapshot Cmd

genCalibCoeff

calibrateWarpingHarness Calibrate Warping Harness Cmd

readWHStrain

setWHStrain Set WH Strain Cmd

offsetWHStrain

setWHPosition Move Segment WH Cmd

offsetWHPosition

Turn WH On Cmd

Turn WH Off Cmd

Unused commands: 
specified in ICD, not 
used in SysML model

Unspecified 
commands

Inconsistent 
naming schemes

Required human 

interpretation to find 

correspondences!
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Application to APS-M1CS:

Specified vs. Extracted Events

APS-M1CS ICD SysML Model
m1cs.health

m1cs.alarm

m1cs.status

m1cs.actuatorPositions

m1cs.sensorHeights m1cs.sensorHeights Cmd

m1cs.sensorGaps

m1cs.pistonTipTilt Get Segment WH Pos Cmd

m1cs.servoErrors

m1cs.pistonTipTiltTarget

m1cs.outerLoopCtrlCmds

m1cs.segmentStatus Get installed_Segment_Query

m1cs.warpingHarnessStrain Get Segment WH Pos Ack

m1cs.warpingHarnessStatus

m1cs.purgeSystemStatus

m1cs.ctrlNetworkStatus

Inconsistent 
naming scheme

Due to limited 

language vocabulary, 

could not differentiate 

between commands 

& pub/sub events!

Large number of 
unused events –
incomplete model?
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Application to APS-M1CS:

Parameters

Name Type Name Type

offsetSegment actuatorOffset [492x3]

type [ALIGNED, DIAGNOSTIC]

metadata string

offloadSensorOffsets segmentLocation integer segmentLocation integer

motor number integer motorID integer

segment integer segment integer

segment integer segment integer

strains float [21] strains float [21]

segment integer p double

position integer [21]

m1cs.sensorHeights heights float [2272]

m1cs.warpingHarnessStrain strain float [492x21]

m1cs.pistonTipTilt pistonTipTilt float [3]

m1cs.warpingHarnessStrain strain float [492x21] p double

setWHPosition

ICD Command / Event
ICD Parameters

saveSensorReadings

calibrateWarpingHarness

setWHStrain

Extracted Parameters

Mismatched parameters

Parameter names do 
not always match

Some parameters 
missing
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Summary & Conclusions

Possible to extract core software interface information: some 
information could not be extracted (timing, frequencies, etc.)

Detected many discrepancies between specified interfaces, and 
actual interface derived from specified behavior

Discovered use of outdated versions of APIs / interfaces, and use of 
non-existent API calls

Some differences may be result of wrong assumptions on what 
component performs function (e.g., storing of actuator position data)

Discrepancies have impact on timing and other resources, and affects 
whether or not requirements are satisfied

Need better interface mgmt. in MBSE with SysML applications

Semantic variation points in UML / SysML

Native SysML vocabulary not sufficient to differentiate between pub / 
sub events and command invocation ➔ need vocabulary extensions
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